Abstract Genital prolapse is one of the most frequent reasons for gynaecologic consultations. Laparoscopic sacrocolpopexy (LSC) became the gold standard since laparoscopy was developed. We retrospectively compared two groups of patients: 82 who undergone LSC from January 1996 to December 2002 (group A) and 169 from January 2002 to December 2009 (group B), always by the same team. Suspension was reinforced with two strips of synthetic mesh. Laparoscopy was performed in 93 women of group A and 169 of group B. They all had symptomatic uterine prolapse. Conversion to laparotomy because of technical difficulties was significantly lower in the second than the first period (1 vs. 11, p<0.001). We performed less culdoplasty, levator myorrhaphy and Burch colposuspension (p<0.001) but more associated cure of urinary stress incontinence in the second period. Peri-operative complications (7.3% vs. 1.8%, p=0.006), post-operative complications (21% vs. 5%), and surgical length decreased (231 to 191 min, p<0.001). Six patients (7%) in group A had reintervention, 15 (9%) in group B. LSC is a reproducible technique. A learning curve shortens the length of intervention and operative and post-operative complications and rate of conversion to laparotomy.
Background
Genital prolapse is one of the most frequent reasons for gynaecological consultation. In their lifetime, women have an 11% risk to be surgically treated for altered pelvic statics. Prolapse is linked to urinary incontinence in 38% of cases and one third of patients will have further intervention [1] , the risk growing with age. Life is longer, quality of life is better, and women's demands for surgery increase. Prolapse surgery is an anatomical reconstruction but, above all, a functional surgery.
Nowadays, several techniques using several surgical routes are possible to treat prolapse (vaginal, laparotomy and laparoscopy). The operator may freely choose which are according to his experience and his skills, the type of the prolapse, the age of the patient, her characteristics and her wishes. However, the use of one technique over another is still subject to discussion.
Sacrocolpopexy remains the reference in this prolapse surgery. Described by laparotomy by the Huguier and Scali team in 1957 [2, 3] , the technique has evolved. It has since been adapted to laparoscopy [4] with gestures now standardised [5, 6] . Laparoscopic surgery of prolapse with mesh began more than 10 years ago [7, 8] . Laparoscopy, which is less invasive, allows more precise and complete dissection of the different spaces with more precise view of anatomical landmarks.
In the same way, procedures associated with sacrocolpopexy have changed; Burch has been replaced by suburethral transobturator strips (TVT®) and culdoplasty has disappeared.
We wanted to compare two groups of patients treated for prolapse by the same laparoscopic sacrocolpopexy (LSC) technique, the same team, at two different periods. We could thus assess the evolution of associated procedures, peri-and post-surgical complications, and rate of re-interventions.
Methods

Patients
We realised a retrospective study of patients who had a laparoscopic sacrocolpopexy for genital prolapse, by the same team, from January 1996 to December 2009. There were divided in two groups: group A, 1996-2002 at Paul Gellé maternity ward of Roubaix Hospital and group B: 2002-2009 in medico-surgical gynaecologic service of Hospital Jeanne de Flandre (CHRU, LILLE).
Surgical indication for symptomatic prolapse largely depended on the patient's demand and wishes which were discussed with her. When clinical examination also found urinary incontinence, it was treated in the same surgical time.
Surgical technique
Keyhole interventions were done under general anaesthesia, in dorsal decubitus, an in Trendelenburg position. Surgical technique used was described by Cosson [9] . Four trocars were used: a 10-mm transumbilical trocar for the laparoscope, two reusable 5-mm trocars inserted lateral to the umbilicus and epigastric vessels on either side, and finally a 10-mm trocar placed in the suprapubic position. Associated procedures, such as supracervical hysterectomy with or without adnexectomy, were performed first, using bipolar coagulation and scissors. The cervix was sectioned with monopolar scissors. After supracervical hysterectomy, the uterus was morcellated using a morcellator (STORZ®). We dissected the vaginal fornices by mobilising the bladder anteriorly and the rectum and sigmoid posteriorly. Anterior and posterior lengths of non-resorbable synthetic mesh were sutured to the vaginal wall. When conservation of the uterus was required, the anterior strip was Y-shaped, its two arms going through the broad ligament before reaching the sacral promontory. The peritoneum overlying the sacrum was opened, and the areolar tissue was carefully dissected to expose the anterior longitudinal sacral ligament. Two permanent O sutures were placed in the anterior longitudinal sacral ligament to suspend the mesh. Tension was applied via extra-abdominal knots and checked by the surgeon. The mesh was then trimmed and implanted by closing the peritoneum with a resorbable continuous nonlocking running suture. Meshes used were made of polyester (PARIETEX®) or of knitted polypropylene monofilament (SURGIPRO®, GYNEMESH®).
When necessary, a BURCH colposuspension was performed. The retropubic space was dissected transperitoneally after opening the peritoneum. The ureterovaginal junction and Cooper's ligament were exposed. One non-resorbable suture was placed on either side of the urethra in the vaginal wall, taking care not to transfix the vagina, and suspended on Cooper's ligament. The peritoneum was then closed with resorbable 2/0 using a running suture. Burch colposuspension was performed except in cases of previous surgery for incontinence without recurrence.
Vaginal myorrhaphy of the levator muscles was carried out as in Huguier's description [10] . A 4-cm longitudinal incision of the vaginal mucosa was made over the posterior fourchette. The edges of the incision were held with Allis clamps and the peri-rectal fascia was dissected, revealing the margins of the levator ani. A heavy number 1 absorbable synthetic suture was passed through the levator ani near the posterior fourchette. The posterior vaginal wall was closed with a resorbable running suture. Myorrhaphy of the levator muscles was performed when clinically indicated.
Urinary incontinence was cured with suburethral strips (TVT®, TVT-O®) [11, 12] . With the patient in lithotomy position, suburethral vaginal wall was infiltrated with xylocain. After a medial incision, we dissected laterally to ischiopubic ramus. The obturator membrane was perforated with scissors. The mesh was then placed and tension was regulated. Vaginal closure was effected with a running suture of resorbable thread 3/0.
Data were stored retrospectively in patient's files. Operation length was estimated on laparoscopic time only. Patients with concomitant laparoscopic rectopexy were excluded from the study.
Statistical analysis was realised with Excel Microsoft and Epi-Info (6.4 version). Student's t test was used to analyse quantitative variables. Qualitative variables were analysed with χ 2 test, odds ratio or bilateral Fischer's test for values inferior to 5. Results are considered significant when p<0.005. Table 1 . The only significant difference is the women's age which is higher in group B. History of hysterectomy and cure of prolapse are not significantly different between the two groups.
Associated procedures with laparoscopic sacrocolpopexy are detailed in Table 2 . There is a significant decrease of culdoplasties and transvaginal myorrhaphy of elevators. Burch's colposuspension was replaced by synthetic suburethral strips. Indications of curing urinary incontinence remain stable at 9% in both study periods. Mean surgical length is significantly shorter, 231 to 191 min (p<0.001). Hospitalisation length remains identical in the two groups: 3.2±1.5 days in group A vs. 3.0±1.1 days in group B (p=0.21).
Post-surgical complications are shown in Table 3 . There was no mortality or major peri-operative complication. Post-surgical complications did not decrease enough to be significant (7.3% in group A and 1.8% in group B, p= 0.06). Most frequent complication was bladder injury. Diagnosis was always made during intervention, with immediate laparoscopic suture and permanent urinary catheterization for 7 days. After-effects were straightforward. In group A, bladder was wounded when threading the needle of retropubic TVT®. Diagnosis was achieved by cystoscopy, the needle removed then replaced without further complication. A vaginal lesion happened at time of dissection in group B. Laparoscopic suture, then fixing of a polypropylene mesh, was straightforward without infection or prosthetic exposure. Omental haematoma was noted when sigmoid was suspended to abdominal wall. The aftereffects were straightforward. Subcutaneous emphysema did not prevent laparoscopy.
Laparotomy conversion rates were significantly different between the two groups, from 12% to 0.6%. In group A, indications of 11 laparoconversions were adhesions (four cases), hypercapnia (three cases), difficult access to promontory (two cases), or bleeding (two cases). In group B, the only conversion was due to adhesions.
Early post-surgical complications were four times less frequent in group B (5%) than in group A, p<0001 (Table 4. ). These complications were mainly lower urinary tract infections. Their frequency in the two periods changed from 15% to 4%. In group A, we had two haematomas, one in Retzius space was surgically drained and another was medically treated. Two women had a urinary retention, while re-intervention and section of TVT strip was necessary in one case. In group B, three haematomas were seen at trocar port, one needed a re-intervention for drainage. All in all, two patients in group A and one in group B had a re-intervention for early post-surgical complications. Table 5 gives the detail of long-term re-intervention (secondary complications, relapse). The global rate of longterm re-interventions is similar in both groups, around 8%.
The rate of prosthetic exposure was identical in both groups, around 3%. They were only polyester meshes. In group A, three cases of vaginal exposure of sacrocolpopexy mesh were systematically medically treated before reintervention. In one case, mesh had been fixed by clips, which were taken away as well as exposed mesh. In group B, two posterior prosthetic exposures were mentioned. In the first case, diagnosis was made at post-surgical consultation and resection realised at 2 months. In the other case, the diagnosis of exposure was achieved very early, and conservative treatment was tried first, but infection at 4 months imposed prosthetic resection.
Otherwise, there were three cases of vaginal exposure of TVT-O® mesh in 41 patients of group B. Two patients (6%) had re-intervention at 2 months and resection of exposed strip.
There were, only in group B, three re-interventions for prolapse: two sacrocolpopexies by laparotomy, one subvesical mesh by vaginal route according to PROLIFT® technique and one antefixation of the uterus with partial cervical resection. One patient had two re-interventions (sacrocolpopexy by laparotomy then uterine antefixation).
Re-intervention for urinary incontinence remained around 4% in the two groups. These re-interventions were carried out after de novo urinary incontinence, significant pre-existing urinary incontinence more important after laparoscopic sacrocolpopexy, or relapse in patients who already had a cure of urinary incontinence.
Only one patient from group B had a hysterectomy for menorrhagia at 34 months of LSC.
Discussion
Many authors have published papers on keyhole surgery and laparoscopic sacrocolpopexy; very few have followed up chronologic analysis of results in the same team. To our knowledge, only Claerhout fixed at 60, the number of LSC necessary to improve the learning curve, guided by the rate of laparotomy conversion and the number of peri-surgical complications [13] . Akladios saw a significant reduction of intervention length after around 20 procedures [14] . These data are important as certain publications include initial phase of this learning curve and so overestimate complications and may limit indications of a technique. Our aim was to compare two consecutive periods in the same team. The limit between the two periods is the time when the surgical team moved from one hospital to another. The judgement criteria to evaluate the control of this technique were the rate of conversion to laparotomy and the peri-and early post-surgical complications. Long-term anatomic and functional results are also probably highly relevant in this analysis, this surgery being functional. One of our limitations is probably the consecutive evaluation with different standback in both groups. We could not use retrospectively international classification POP-Q, which was proposed in 1996 by Bump [15] . The rate of laparotomy conversion decreased greatly from 12% to 0.6%. These rates are similar in literature (0-11%) as well as reasons for conversion (adhesions, difficult access to promontory and hypercapnia) [7, 8, [16] [17] [18] . This may be due to better mastery and standardisation of techniques for surgeons but also anaesthetists and all the operating staff [5, 6] . Hypercapnia and difficult access to the promontory are no more an indication for conversion in group B. This may also be due to better selection of patients: vaginal route immediately chosen in case of surgical antecedent or foreseeable surgical difficulties. In case of difficult access to promontory, alternative techniques, such as Dubuisson's, with lateral suspension, will be used which avoids laparotomy conversion and gives good anatomic results [19] .
Peri-surgical complications are significantly less frequent in the more recent group, 1.8% vs. 7.3% in group A. This may be compared to the rates reported in the literature between 2.2% and 17.4% [18, [20] [21] [22] [23] [24] [25] . Bladder wounding is the most frequent complication: 0.8-3% in our study vs. 1-7% in literature [8, 9, [18] [19] [20] [21] [26] [27] [28] [29] [30] [31] . Diagnosis was always made during intervention with immediate suture and simple aftereffects. Certain authors report rectal or vaginal wounding [8, 9, 18, 32] . Certain technical devices such as a vaginal valve may allow easier vaginal dissection and reduce surgical risk. After vaginal injury, a polypropylene mesh seems imperative to limit ulterior risk of infection. We have had no major complications in both study periods. Since 2009, we had noted only once a wound of left common iliac vein when dissecting promontory. An emergency laparotomy and a suture by a vascular surgeon allowed to control bleeding (haemorrhage of nearly 3.5 L). Follow-up was straightforward. Sacrocolpopexy was not realised and the cure of prolapse by vaginal route was done later.
Post-surgical complications were significantly divided into four. They were essentially lower urinary tract infections with probably multifactorial genesis. One limitation of our study is its retrospective character. Certain complications may not have been written up in files or only when the team began this study. In group A, one haematoma of Retzius space was probably linked to Burch's intervention associated. Evolution to suburethral strips limits this risk, which is still non-existent with retropubic route [33] . Other complications are reported in literature such as small intestine occlusion sometimes imposing digestive resection [8, 21, 28] . For us, it seems of utmost importance to peritonize the mesh and suture aponeurosis for trocars superior to 10 mm to limit this risk.
Our rate of early post-surgical complications decreased from 2.4% to 0.6%, but not in a significant way (p=0.25), similar to Ganatra's review who demonstrated an average rate of 1.6% [17] . There was a slight increase in re-interventions for prolapse relapse, without statistical significance (0-1.7%, NS). Patients were treated by an experienced senior in 90% in group A vs. 75% in group B. This slight difference of relapse might be explained by the learning curve of operators. Our results are similar to those found in literature: 4% in our team in 2002 and 6.2% for Ganatra [9, 17] .
Average surgery length was reduced from 213 to 191 min, slightly superior to literature data (average, 158 min; extremes, 96-286 min) [17] . However, it is difficult to determine precisely the surgical duration, as there are associated procedures. For example, subtotal hysterectomy, very often performed by our team, lasts 30 to 60 min (hysterectomy and dissection). If our interventions become shorter, that may be due to better surgical technique but also to technical devices and more efficient material (electrocoagulation techniques, needle holder, knot pushers, etc.). Akladios showed a significant reduction of surgery length for each surgeon after around 20 procedures [14] . Our results seem to show that time saving seemed to last longer with more significant techniques even if indications were extended and certain surgeons of the second group were beginning their training experience. These conclusions may come from a fellowship teaching and new devices that make learning shorter.
These conclusions, learning from colleagues and quitting certain procedures (such as culdoplasty or Burch), may also explain why surgical times were reduced between the two groups.
Conclusion
Our study shows that LSC technique can be reproduced with a low rate of complications. There is, though, a learning curve with significant impact on length of interventions, rate of conversion to laparotomy, and peri-and post-surgical complications. The threshold seems quite high since we saw a real difference after the 93 first cases. This parameter must be considered when analysing the results of publications not to overestimate complications. We might also think on the ways to teach these surgical techniques to young doctors, who need to master these techniques
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